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Introduction
Risk-Neutral Density (RND) estimation is of fundamental interest in several financial applications. For instance, RNDs are widely used for measuring the unobserved market expectations about asset prices. Gauging such expectations could be useful not only for pricing, hedging, and managing risk, but also for the analysis of policy decisions and their transmission mechanisms (see, among others, Bernanke and Kuttner (2005) and Taylor (2005) ). Indeed, a measure of market expectations allows policy makers to assess the market's reaction to main economic events and to follow the implications of certain economic policy decisions, such as monetary policy actions by a central bank (Mc Manus (1999) , Bernanke and Kuttner (2005) , and
Castrén (2005)).
Nowadays there are a wide variety of methods used to extract risk-neutral densities (see Bates (1991) , Rubinstein (1994) , Bahra (1997) , Melick and Thomas (1997) , and Aït-Sahalia and Lo (1998)).
1 However, besides the little consensus on a dominant methodology, there are considerably less studies that examine their performance on days of high market activity associated with the arrival of economic news. Recent exceptions are Castrén (2005) and Figlewski and Birru (2010) .
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The first study focuses on RNDs associated with currency markets in Eastern European countries and their response to foreign and local news surprises. The second paper examines the behavior of RNDs in the US equity market on the days when the Federal
Reserve announces its future target for the federal funds rate (FFR). However, none of these papers compare different methodologies. While the latter applies the new approach of Figlewski (2009) , the former uses the methodology of Malz (1997) . In this regard, a practical comparison of methodologies is of special interest on days when fundamental information is released to the market because these days show different patterns in terms of the distribution of asset prices and 1 Taylor (2005) enumerates several desirable properties for RND estimation. However, most researchers use a specific estimation method based on data availability, accuracy, consistent estimation, stability of estimated parameters, among others. 2 Melick and Thomas (1997) and Soderlind (2000) also examine the response of RNDs to economic events; however, they focus on episodes of financial crisis rather than scheduled macroeconomic announcements.
therefore, the assumptions embedded in each methodology may affect the appropriate characterization of these patterns.
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The present paper contributes to address this issue by comparing the two mentioned methodologies in the context of monetary policy events that allow us to link news about fundamentals with changes in the market expectation of FX prices. We focus on the case of the Mexican peso to assess the implications of these methodologies. 4 The Mexican peso-US dollar market is interesting for a number of reasons: 1) options contracts on this currency offer a reasonable range of exercise prices, 2) financial markets in Mexico and the US are well synchronized in terms of trading hours, and 3) the high level of commercial integration between the two economies makes it interesting to assess the effect of monetary policy news from the two economies on the exchange rate.
Another contribution of the paper is the measurement of monetary policy shocks in Mexico from interest rates futures contracts. In particular, we apply the approach of Kuttner (2001) not only to measure monetary policy shocks in the US, but also to extract signals of changes in the market assessment of future changes in the monetary policy of the Central Bank of Mexico (Banxico).
5
In this regard, while data on federal funds rate futures contracts is available in the US, in Mexico there is only futures data on a reference rate (the Interbank Equilibrium Rate or TIIE) that characterizes the funding conditions in the local interbank market. However, we find a very high contemporaneous correlation between changes in the central bank target rate and changes in the TIIE. This correlation coefficient is of an order of magnitude of around 0.99 for the whole sample and around 0.93 for announcements days. Thus, we argue that, on monetary policy announcement days, changes in the TIIE futures mainly reflect changes in the market expectations of Banxico's monetary policy. Overall, the application of Kuttner's methodology to the case of Mexico provides a new measure for local monetary policy shocks and therefore contributes to the 3 The literature on announcements and news effects on different moments of asset returns is ample. Some examples include Andersen and Bollerslev (1998) , Jones, Lamont and Lumsdaine (1998) , Flannery and Protopapadakis (2002) , Andersen, Bollerslev, Diebold, and Vega (2003) , Bomfim (2003) , and Rangel (2009) , among others. 4 Other studies that have estimated RNDs for the Mexican Peso include Díaz de Leon and Casanova (2004) and Benavides and Mora (2008) . However, none of them examine the effect of monetary policy scheduled announcements on RNDs. 5 The approach of Kuttner (2001) for measuring monetary policy shocks from futures prices has been applied in a number of studies that examine US data, including Bernanke and Kuttner (2005) and Gurkaynak, Sack, and Swanson (2007) . Moreover, Hamilton (2009) concludes that futures prices provide an excellent indicator of daily changes in the market's expectation of near term changes in Fed policy. discussion of using high frequency information from local interest rate markets to gauge such shocks.
Our results show evidence that changes in the Mexican peso-US dollar exchange rate significantly respond to monetary policy surprises.
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This finding provides empirical motivation for our event-study approach that focuses on these days to evaluate the RND methodologies. In this regard, our results indicate that for this exchange rate both the Volatility Function Technique (VFT) postulated by Malz (1997) and the Generalized Extreme Value (GEV) approach proposed by Figlewski (2009) suggest similar dynamics at the center of the distribution; however, these two frameworks lead to significantly different patterns in the tails. Indeed, our empirical evidence supports that the GEV captures better the extreme values of the distribution around monetary policy event days, given its unique procedure to allow for longer asymptotically well-behaved tails. These findings are robust to control for the surprise component of the announcement, which is measured by applying the methodology of Kuttner (2001) in both countries.
The layout of this paper is as follows. Section 2 gives a brief literature review and discusses the methodologies used to obtain the RNDs. Section 3 presents a brief data explanation. Section 4 explains the event-study analysis. A detailed empirical comparison of the two analyzed methods is also presented in this section. Finally, Section 5 concludes.
Literature Review and Methodology

Risk-neutral densities definition
The idea of estimating RNDs implied by option prices was first postulated by Breeden and Litzenberger (1978) motivated by the belief that there is a rich source of forward-looking financial information in derivatives markets. A way to extract this information is the estimation of an implicit probability distribution of an asset from the observed prices of options contracts on such an asset, which are traded in these financial markets. However, given that the models used to estimate these probabilities use an equivalent martingale measure of the objective (real) probability that prices assets as if agents were risk-neutral, the resulting probability density is called risk-neutral density.
7 Breeden and Litzenberger (1978) proved that the RND can be extracted from the prices of call (or put) options. In particular, if the value of a call option is defined as:
where c refers to the call option price, is the exercise price, is the time to maturity, is the risk-free interest rate, is the spot price of the underlying asset at the maturity of the option and represents the risk-neutral probability function of the price of the underlying asset. By calculating the second partial derivative of the call price function , with respect to the different exercise prices ( ), we obtain:
Rearranging this expression, it is possible to obtain the following definition:
where is the risk-neutral distribution. The assumption that the call price function is continuous for the range of exercise prices is problematic given that in practice only some prices are available or observed. Considering this limitation, Shimko (1993) proposed an interpolation method using the available exercise prices. In subsequent research, Malz (1997) proposed to interpolate across implied volatilities (using the framework of Garman and Kohlhagen (1983)) and the delta, which is the sensitivity of the option price with respect to changes in the underlying asset price. In this case, the delta has to pass through at least three points of the volatility smile as it will be explained in more detail in Subsection 2.1.1. One advantage of Malz's method is that it can be easily applied to exchange rate options. This is because traders trade quoting implied volatility as a function of the delta. Therefore, hard data on implied volatility is always available, which can be used for a smoother interpolation.
Besides giving a point estimate forecast for the moments of a specific underlying asset, RNDs estimations also provide information about the whole asset price distribution expected by the market, as well as the market sentiment. For example, if an exchange rate shows RNDs with skewness that are systematically positive through time, the interpretation is that the market is expecting one of the currencies to depreciate (or keep depreciating) in the near future.
Considering the actual evidence, it could be assumed that, from a theoretical viewpoint, RND estimation can be seen as a parsimonious and reliable approach for capturing the market's belief about a future asset price distribution. The present paper compares the results from two known methods (non-parametric and parametric) to extract RNDs for exchange rates in the context of monetary policy announcements.
The volatility function technique
The volatility function technique (VFT) was originally postulated by Malz (1997) . He extended the idea proposed by Shimko (1993) in which the application of interpolation methods to exercise prices allows to recover the RND. Shimko's method suggested a parabolic function to estimate a curve for the implied volatility function vis-à-vis exercise prices; i.e., the smile curve. The idea behind this method is to estimate a 'smoothed' smile implied volatility function, out of a relatively few exercise prices (five or less) with a parabolic function, and then generate smooth call option prices using the Black and Scholes (1973) formula (BS).
With the estimated call and put prices, the RND can be extracted by applying the previously defined Breeden and Litzenberger (1978) approach. The main difference with respect to Shimko's method is that the Malz's model does not use a parabolic function to estimate the smile curve, but instead it applies implied volatilities from option pricing strategies (risk reversals and strangles).
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The objective is to estimate a curve matching implied volatility vis-à-vis the delta and then calculate the call option prices from it by using either BS or GK.
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The approach of Malz (1997) estimates a RND by interpolating the smile curve. Specifically, interpolation can be carried out in terms of the implied volatilities determined from market expectations. The considered implied volatilities are: 1) at-the-money ( ), where the forward price ( ) equals the exercise price; 2) risk reversal ( ); and 3) strangle ( ). For exchange rates these were taken from market traders. The implied volatilities from the above mentioned option strategies for a 25 delta can be theoretically obtained in terms of the implied volatilities of atm and out-of-the-money puts and calls with 25 delta options as follows.
Let be defined as:
and the as:
Writing the volatility (σ) as a quadratic function of delta ( ), it is possible to obtain the following smile curve: 10 2 0.5 16 0.5 .
Once this curve is obtained a transformation is performed in which the implied volatility can be expressed in terms of exercise price ( ) and not in terms of the delta. Thus, the definition of the delta function is as follows:
8 A risk reversal is an option trading strategy that is constructed with an out-of-the-money (OTM) long position of a call option and an OTM short position of a put option, both with the same time to expiration (the investor hopes for extreme increases in the exchange rate to make a profit). A strangle is another common currency option trading strategy, which consists in taking an OTM long position of a call option and an OTM long position of a put option, both with the same time to expiration (the investor hopes for extreme movements in either direction of the exchange rate to make a profit). The options are OTM due to their lower price. 9 Malz argued that his method is more accurate for modeling financial data given that option strategies' implied volatilities, like risk reversals and strangles, capture the market's expectations for the relative likelihood of exchange rate depreciations (implied skewness) and extreme events (excess implied kurtosis). 10 The δ is defined as the sensitivity of the option price to a change in the spot price. 
where is equal to
To estimate the density function for the underlying asset, the Breeden and Litzenberger (1978) result is applied here. Thus, by substituting these expressions into Equation 3, it is possible to estimate the probability function for the underlying asset, which is expressed as follows:
where is equal to √ , and is
is the normal density function and represents the option implied volatility, which makes Equation 8 equal to zero. Finally, by using different values of , it is possible to extract the RND through option prices.
Several studies have applied the VFT. For example, Bliss and Panigirtzoglou (2002) European currencies on days of economic releases.
Generalized extreme value
Based on Equations 1-3, Figlewski (2009) suggests that the can be approximated using a numerical approach as:
where n is the cross-section value of the option with the same time to maturity. Extracting from a set of call option prices with exercise prices between and (N refers to the total number of exercise prices relevant to the options), it is possible to obtain the relevant portion of the RND.
To fit the tails of the RNDs, Figlewski (2009) suggests the application of Extreme Value Theory (EVT) that derives a limit distribution for the extreme events. This is the standard Generalized Extreme Value (GEV) distribution, which has one parameter (ξ) that determines the shape of the tail. The GEV distribution function can be formally defined as:
As explained in McNeil et al. (2005) , the extreme value distribution is generalized in the sense that the parametric form depends mainly on the value of ξ. When ξ>0, the distribution is a
Frechet distribution that has heavier tails than the normal distribution; when ξ=0, it is a Gumbel distribution that shows tails similar to those of the normal distribution; and when ξ<0, we have the case of a Weibull distribution that has tails (with a finite endpoint) smaller than those of the normal distribution.
To set the location and scale of the distribution, two other parameters are introduced. Using the notation for location and for scale, the following expression defines the standardized variable:
.
Since we are able to set three GEV parameters, it is possible to impose three conditions on the tail. Following the notation of Figlewski (2009), we use the expressions EVL · to denote the approximating left tail GEV distribution and EVR · to denote the equivalent approximation of the right tail (where the subscripts and refer to the left and right tails, respectively). The corresponding density functions are expressed as EVL · and EVR · . Lastly, EMP · and EMP · refer to the empirical risk-neutral distribution and empirical risk-neutral density function, respectively.
For the -quantile of the risk neutral distribution, let denote the relevant exercise price, i.e.
EMP
. The procedure consists in choosing the value of α where the GEV tail is supposed to begin and then choose a more extreme point on the tail, which is useful to match the GEV tail shape to that of the empirical RND. Again, in line with Figlewski (2009) , and 1 denote the relevant points in the right tail, and 0 and 1 the corresponding points in the left tail. There is no unique rule for choosing the values of and . However, the constraints imposed in order to be able to compute the empirical RND at both points are 2 and 1 . It should be pointed out that the GEV will fit the larger extreme tail of a given distribution better than the closer tail. So, there is a trade-off between the quality and the availability of the data. In this regard, quality would favor less extreme values of and relative to a tail fit that favors more extreme values.
To fit the upper tail of the RND, it is necessary to impose three conditions. The first one requires that the total probability in the tail must be the same for both the GEV approximation and the RND; and, in order to have the same shape for the RND and the GEV density (where the two overlap), the method applies two other degrees of freedom to set the two densities equal at and . Thus, the three conditions for the right tail are the following:
(15)
Using standard optimization procedures, it is feasible to find the GEV parameter values that satisfy these conditions.
Given that the GEV is the distribution of the maximum values in a sample, its right tail relates to the probabilities of such maximum values. In order to fit the left tail, it is necessary to reverse the sign and define the GEV distribution on . 12 The implied volatility data are taken from quotes made on volatility trading and not over option prices. In other words, it is hard data for volatility. It is common practice among option traders to trade with volatility quotes in exchange rate option markets (See Malz (1997) , and Cooper and Talbot (1999) for more details). a representative reading of the market. The quotes are in units called vols, following the conventions usually expressed by dealers. The database is available for subscribers only. At-themoney implied volatility considers a delta of 50, risk-reversal and strangles are associated with a 25 delta. These are the most common ones in this type of trading. We use implied volatilities for two types of maturities: three weeks and one month. For the RND estimation we focus on the one month maturity. However we also consider a shorter maturity (three weeks) for robustness checks.
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The sample period under analysis includes almost four years of daily data, from To estimate RNDs, we use the domestic and foreign risk-free discount rates, which consist of daily 28-day secondary market interest rates of Mexican Certificates of Deposit (CDs), obtained from the same source and the equivalent maturity US CDs, obtained from the Federal Reserve (FED) web page. We choose these interest rates because they are highly liquid in the secondary market and we can find the relevant maturity for our study (i.e., one month ahead). 13 Comparing among different volatility forecast models, Benavides and Capistrán (2009) show that the three-week option implied volatilities, within a conditional combination model, were the most accurate in terms of forecasting realized volatility for the Mexican Peso-USD exchange rate. 14 The FED web page is http://www.federalreserve.gov/. Banco de México web page was given in footnote 11.
4.
Exchange than an expectation (y<ŷ), e.g. an increase of 25 basis points in the target interest rate was expected and the actual increase was 0, then we have a negative surprise of 25 basis points. As discussed in Andersen et al. (2003) , it is likely that, for some specific macroeconomic announcements, the sign of the surprise (either positive or negative) will affect exchange rate fluctuations (and/or exchange rate expectations), asymmetrically; i.e. positive surprises may have different impacts than negative surprises on exchange rate expectations. Based on this and other
previous literature, we also analyze the response of RNDs to positive and negative surprises in order to gauge asymmetries in the formation of FX expectations when a policy shock occurs. In our study we also consider scenarios of no surprise episodes (i.e., those where the expectations are equal to the realizations).
To be in line with recent literature about surprises gauged from futures markets; we relate the three possible scenarios (upward movement, downward movement and no change in target interest rates) with surprises in the market and its impact to our estimated RNDs. According to the methodology of Kuttner (2001), a 1-day monetary policy surprise is defined as follows:
where ̌ is defined as the unexpected interest rate at time t, Δ is defined as the change, m is the number of days in the month and, t is the day of the announcement. So, m-t is the difference in days between the end of the month and the monetary policy announcement day. , is the futures contract yield for a contract with the smallest time to maturity on the day after the announcement is made by the corresponding central bank. The formula above captures a 1-day surprise as it involves differences in the futures implied rate adjusted for the time to expiration of the futures contract after the day of announcement. Given the forward-looking nature of derivatives markets, the proposed measure can be considered as a change in expectations (see Evans and Kuttner (1998) , and Kuttner (2001)). Moreover, according to Hamilton (2009) , changes in near-term futures prices are an excellent measure for changes in market expectations of near-term FED policy. He also shows that these surprises are well described by a martingale difference sequence and that it is quite reasonable to interpret them as primarily signaling changes in the market's assessment of future changes in US monetary policy.
In the present study, we focus on a time period that considers interest rate targeting announcements in Mexico, even though, this type of announcements started several years before in the US (in the early 1990s show the specific date of the announcements.
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Columns two and five show the decision of increase, decrease or no change in the interest rate target. We also present the relevant change in basis points of the corresponding target interest rate.
We start from a time frame of five trading days before and after the announcement. If the announcements by both central banks are relatively close to each other and overlap within these 5-day intervals, we also consider narrower windows in order to control for different profiles of overlapping events from both central banks. As a minimum, we allow the day of the announcement plus/minus a two trading-day window. So, if the announcements by both central banks are separated by less than two trading days, then we eliminate the whole event because in such cases it becomes difficult to isolate the effects of each bank release. For the interpretation of Tables 3-5 we use notation for days before, during and after an announcement. For example, , , , where , is the day of the announcement, or is the ith day before (-) of after (+) the announcement. Again, this procedure serves to isolate the effect of each central bank announcement and avoid contamination from one central bank decision to the other days when the announcements are very close to each other.
Before the estimation of RNDs, for both techniques we look for possible statistical effects from surprises on changes in the exchange rate. The idea is to find out whether surprises affect statistically the exchange rate movements between the Mexican peso-USD. Therefore, we run a regression of the depreciation rate of the Mexican peso on US monetary policy surprises calculated from FFR futures following the methodology explained above. The regression is stated formally as: daily observations and during that time frame there were 112 monetary policy events. Table 2 shows the results of this regression. They indicate that there is a statistical significant impact of FED surprises on the exchange rate depreciation rate. The t-statistic clearly rejects the null of the beta coefficient being equal to zero.
Some insights can be given about the negative sign of the estimated slope coefficient. For example, when a surprise is positive (i.e., a realization is higher than an expectation) we should expect a negative depreciation rate; in other words, a Mexican peso appreciation with respect to the US dollar. A possible explanation is that interest rate increases are usually associated with non-recessionary periods in the US. As we know, the Mexican economy depends considerably on exports to the US (almost 80% of the Mexican exports go to the US). If the US economy is not facing growth concerns, the prospects of growth of the Mexican economy as well as its exports to the US would be more favorable. Therefore an appreciation of the Mexican currency is consistent with this intuition. On the other hand, if the surprise is negative (i.e., a target rate lower than expected) we could relate it to a period of slow (or negative) grown in the US, when the target interest rate may have been cut more than the market expected in order to stimulate the economy.
Under this scenario, the Mexican peso may be expected to depreciate (given the negative coefficient sign) because a weak US economy is likely to be associated with a lower demand for Mexican products in the US. We are aware that these arguments can depend on other economic interactions which analysis is beyond the aim of this paper. We only highlight the empirical result here and leave its theoretical discussion for future work. 16 Note that surprises are zero on non-announcement days.
Analysis of volatility function technique vs. generalized extreme value Central measures and exchange rate analysis
There is a clear trend towards more extreme upward movements in the Mexican Peso-US dollar exchange rate for the period under study, especially around the 2008 financial crisis. This can be observed in Figure 1 To examine the behavior of these methods on monetary policy event-days, we first look at the results on the center of the distribution. Table 3 
Right-hand tail analysis
We claim that the main differences between both methods are noticeable at the tails. In order to make a comparable analysis about the extremes of the distributions, we fit the tails of the VFT method using extreme value distributional theory (just as applied to the GEV method). We estimate the tail parameter associated with the VFT results. The parameter that characterizes the shape of the tail under the GEV methodology is labeled as epsilon (ε) and the equivalent tail parameter for the VFT methodology as xi (ξ). It can be observed in Table 4 and, in this context, in 100% of the cases the GEV method suggests heavier tails than those of the normal distribution (ε is positive), as it can be observed in the fifth column.
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The ξ parameter suggests fat tails 82% of the cases.
When we analyze the right-hand tail of the distribution (Table 4) , we can observe that, when the pareto parameter from the GEV method is greater than the relevant parameter from the VFT (this occurs most of the times); i.e., GEV has heavier tails than VFT, the skewness of the implicit distribution is positive (a bias to the right). In addition, this behavior occurs when the tailparameters are positive (i.e., when they indicate heavier tails than those of the normal distribution). It is important to point out that the ε is always positive. The implication here is that when the market puts more weight on an increase in the exchange rate (a depreciation of the Mexican peso), the GEV method will adjust better. On the other hand, when the pareto parameter from the VFT method is higher than the relevant one of the GEV method, the skewness and the sign of the parameters are negative (a Weibull distribution case). This implies that when there are expectations that the exchange rate is going to decline (an appreciation for the Mexican peso), both methods can accurately capture this type of behavior given that they show the right-hand tails less heavier than those of the normal distribution.
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As an analogy to the positive skewness case, the ε is always negative when the distribution is negatively skewed. Thus, the GEV method shows a right-hand tail less heavier than that of the VFT method since the GEV has a more negative parameter (ε smaller than ξ). This behavior seems desirable given that in such situations the market gives more weight to an appreciation of the Mexican currency and right tail events may be less likely. This type of behavior is qualitatively similar if we classify the results based on the direction of monetary policy surprises, as it is documented in Table 5. 19
Robustness checks
Finally, we conduct two robustness checks. First, we estimate regressions in the spirit of Birru and Figlewski (2010) . The idea is to examine the sensitivity of the tails suggested by each method to unexpected changes in the underlying asset. The larger the sensitivity of the extreme quantiles, the more adjustment a method will require. Thus, we run some regressions of changes in the distribution quantiles on changes in the forward exchange rate. Specifically, for a given level of α, we compute the corresponding quantile for each day of the sample. The daily quantile changes are projected on the corresponding changes of forward exchange rates. These results can be observed in Table 8 and Figures 2-3 . We focus on the higher quantiles of the right skewed distribution and on the lower quantiles of the left skewed distribution. The results suggest that the GEV shows greater stability for the tails of the distribution given changes in the forward 18 The normal distribution is associated with a pareto parameter equal to zero. 19 For the case of the left-hand tail we observe qualitatively similar results (Tables 6 and 7 in the appendix). The parameter ε is always negative. Given that the GEV parameter is smaller, i.e. more negative than the relevant VFT parameter, the former presents less heavier tails than the VFT. For this reason it captures more accurately the dynamics of the data (see Figure 1) . Furthermore, this type of behavior is also consistent with that based on surprises from futures data ( Table 7) . The ε parameter is most of the times smaller than the ξ parameter and it is always negative. We could interpret these results as saying that when the probabilities of higher exchange rates are large (skewness>0), then the GEV method adapts better to the second moment. However, when the probabilities of decreases in the exchange rate are larger (skewness<0) then GEV method is still more attractive given that the relevant parameter is located to the left of VFT method parameter, i.e., ε is smaller than ξ, which again it is in line with the observed data.
exchange rate (see shaded areas in Table 8 ). This is because the magnitude of the coefficients for GEV is smaller and overall more stable. For the case of positive skewness, the estimated parameters look 'better-behaved' compared to the VFT parameters. Figures 2 and 3 show that GEV curves have less deviations from its trend if compared with the VFT curve. Again, this is an indication of greater stability for the GEV method. The interpretation is that the distribution under GEV does not have to change or to move drastically given its shape on the previous day, once the new information is incorporated. The same results and conclusions are obtained for the case of negative skewness (see lower panel of Table 8 ). The second robustness check consists on estimating correlation coefficients between the change in implied volatilities and the change in the GEV and VFT shape parameters on the day of the announcement, respectively. The idea is to observe the sign and magnitude of the correlation between these series. It is expected that increases in implied volatility should be accompanied by increases in the value of the shape parameters. We compute these correlations for the samples of both FED and Banxico announcement days. The results for FED events suggest that, while under the GEV method this correlation is 82%, under the VFT method the correlation is only 62%. For Banxico announcement days, the correlations suggested by the two methods are basically equal (48% and 50%, respectively). Hence, from the FED data the GEV method appears to adjust the tails in a more consistent way given the behavior of volatility. The evidence from Banxico data is not conclusive.
Overall, the GEV method is more consistent than the VFT because, if we analyze the right tail, when the GEV parameter is greater and the skewness is positive, the GEV tail parameter is always positive. This is the most relevant case since the data show a clear pattern of more frequent upward extreme movements in the exchange rate (see Figure 1) . We do not observe the same type of consistency for the VFT method. For the left-hand tail, the GEV parameter most of the times is smaller than the VFT and the former is always negative showing the case of a Weibull distribution that has tails (with a finite endpoint) smaller than those of the normal distribution. This fits better our analyzed exchange rate data.
Summary and Conclusions
The on-going debate regarding which is the most accurate model to estimate RNDs of prices of financial assets has led to a substantial amount of research. Many have compared parametric vs.
non parametric methods and there is still no consensus on a unique superior methodology. In the present paper, we try to contribute to the existing literature by analyzing and comparing two known methods used to extract RNDs from option prices. We based our study on both a non- important economic information is released to the market. This is considered important given that
Value-at-Risk is estimated from the tails of a distribution, which are assumed to be stable. Our results should be interpreted in the context of monetary policy announcement days. In that regard,
we do not make a general case in terms of which method should be used in other situations. We leave that for future research. Kuttner (2001) using futures prices of FED Funds contracts and robust standard errors according to Newey & West (1987) (2001) methodology). The correlation is also estimated for positive, negative and no surprises. We define surprise as the difference between a realization and an expectation; i.e., y-ŷ; where y is the realization and ŷ is the expectation (see Andersen et al. (2003) Notes: Column 1 refers to the number of observations. Column 2 indicates the direction of the interest rate target changes. Column 3 specifies which parameter is larger in magnitude. The column 4 (Bias) indicates when the implied distribution shows either a positive or a negative bias (positive or negative skewness). Elements in this column refer to the sign of the parameters in the following two columns. For example, when Banco de Mexico's strategy is to lower the interest rate target (see column 2), 89% of the times ε > ξ (see column 7); i.e., the GEV method shows a heavier right tail than the VFT method. Of this proportion, 92% occurs when the bias is positive. In this context, as shown in column 5, in 100% of cases the method of GEV has a heavier tail than the normal distribution (ε > 0 or positive), and in 82% of the cases, the VFT method suggests heavier tails than the normal case (see column 6). For this event-study analysis, in the case there is overlapping of the announcement days within a window of five trading days, the window used to include an event is narrowed. Specifically, we only rule out an event when it is separated by less than two trading days from another event. The time frame is from September 2005 to June 2009. Notes: This figure shows the relevant coefficient estimates according to the quantile for cases of positive skewness. The estimates can be observed in Table 8 . Notes: This figure shows the relevant coefficient estimates according to the quantile for cases of negative skewness. The estimates can be observed in Table 8 . 
